Method for Calibrating a Testing Apparatus 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a method for frequency calibration of a testing appara- 
tus or testing device for testing mobile terminals provided for operation in a mobile 
communication net, such as mobile or cellular telephones. 

DESCRIPTION OF THE PRIOR ART 

10 

Such a method and such a testing apparatus is already known from the article 
"MeBtechnik fur GSM-Mobiltelefone" by R. Schoblick in the German technical journal 

O 

k Q "Funkschau", 1997, No. 16, pages 64 to 66. Such testing devices which are used for 

i testing the basic functions and basic specifications of a mobile or cellular telephone 

IS 15 when manufacturing mobile telephones, during end control of the manufacturing proc- 
5 g ess or when looking for defects in defective mobile telephones have to comprise a 

; rV highly accurate internal reference frequency in order to sample or measure the necessary 

Q high frequency (HF) or radio frequency (RF) parameters of the data transmission opera- 

tion. However, the corresponding reference frequency oscillators incorporated in the 
20 testing device might deviate or drift away, respectively, of the desired frequency due to 
aging effects, temperature influences and so on. Therefore, a recalibration of this de- 
sired frequency is necessary from time to time. In practice, a recalibration is necessary 
about every year. To this purpose, highly accurate external reference frequency devices 
are needed which are costly due to the necessary precision. In particular, small dealer 
25 shops or service stations do not have the financial means necessary for obtaining such 
reference frequency devices. But, also if such a reference frequency device is readily 
available the correspondence of the actual frequency to the desired frequency necessary 
for the testing device has to be continuously checked using the external frequency stan- 
dard in order to make sure that the testing device is within the necessary tolerances for 
30 measuring the radio frequency parameters. However, this also quite time consuming. On 
the other hand, when using a testing device, which has drifted away from the desired 
frequency, in case it has been unnoticed, this can cause during end control or when 
testing a mobile telephone that the mobile telephone under test is adjusted in a bad 



manner, which can for instance lead to a degradation of the reception or transmission 
quality, respectively. 

OBJECTS OF THE INVENTION 

5 

(^Therefore, it is an object of the present invention toimgroye.^ 

above so that at any timethe^l£sii^d-ffeq^ of the testing device can be tested itself 
as well as j^hbfatedin a fast and highly accurate manner. 

10 It is another object of the present invention to calibrate the testing apparatus "for free" 
by using the frequency accuracy specific and inherent to the mobile communication net. 

Another object of the present invention is to calibrate a testing device without using any 
expensive reference frequency device and no counters. Also, the presentj£Stffig-*5ppa- 
15 ratus needsjiot to be shipped to the Trmn^fflrtiirgii^^ calibration. 

u£) A still further object of the present invention is to provide a testing method 

applicable at any location where a communication withjh^wireles^telecommum 
tion net is possible. This means almost evejywherewhere testing apparatus for mobile 
20 telephones are used. Therein^Jhe-^etcan be any suitable communication net, and in 
particular a GSM£gleb£l system for mobile communication) or PCN/PCS (personal 
communi£ati5n net/ personal communication system) net. 
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SUMMARY OF THE INVENTION 

The object according to the invention is solved in that the^iestilig'device passively lis- 
tens to or taps on the established communicatjjon^ue to the data connection built up 
between the mobile terminal and th^m^Sile communication net, that the information 
signals underlying the compatfmcation are at least partially sampled and evaluated by 
the testing device^j^Tthat based on this evaluation a reference frequency unit incorpo- 
rated in th^t^sting device is calibrated. 
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10 



Therefore, it is characteristic for the present invention that, in contrast to the prior art, 
which a testing device is typically used in order to communicate with a mobile tele- 
phone to be tested, i.e. to exchange data, the testing apparatus according to^fiie present 
invention -in a tapping or listening mode- monitors or eavesdrops on^a data exchange 
between the mobile telephone and the net, in particular a base^sfation, a telecommuni- 
cation satellite and the like and obtains based on the sequentially generated information 
signals a corresponding time and frequency standard^ a calibration means in order to 
carry out an adjustment or a comparison with the internal reference frequency. The in- 
ternal reference frequency is the central clp^k for all measurements. The actual calibra- 
tion can be carried out manually or/automatically by an appropriate software imple- 
mentation which minimizes a mpdsured frequency error of a mobile telephone. Therein, 
the communication needs tp^be monitored only partially, because, e. g. for a frequency 
calibration, only the bdxst frequency is necessary. The use of an expensive reference 
frequency devices therefore not needed. 



15 

An advantageous embodiment of the method according to the inventi&nH^thaT^ 
streams which are periodically returning in the time dgmatrTare processed as informa- 
tion signals wherein as bit streams burst^frortfThe mobile terminal establishing the data 
connection are analyze^J^y-tKe^esting apparatus whereby a precise frequency standard 
20 for the tesJittg'Spparatus is realized. 
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According to another advantageous embodiment of the invention, which is particularly 
adapted for measurement purposes, the bursts are analyzed by the testing apparatus in 
an asynchronous test mode in the speech channel. 

It is advantageous when an initial synchronization phase bgtwe^ff the mobile terminal 
and the base station is awaited before the dataexcfiange between the mobile terminal 
and the base station is (passively) li§terfed to inasmuch as only after a preliminary 
building-up or transient timgjfrferval of several seconds the bursts emitted by the mo- 
bile telephone havg^th€pre-determined frequency prescribed by the base station and the 
coirespondj^tfmobile telecommunication standard. 



> 

To this purpose, for establishing a data communication betwe^the-rrr55ileterminal and 
the base station the mobile terminal is initialized-antTSooked in, in order to start, by the 
process of booking in of the mabikrfenninal, in particular of a mobile or cellular tele- 
phone, a commm^catronbetween the mobile telephone and the corresponding base sta- 
tion. 

According to a preferred embodiment the testing apparatus is coupled to the established 
communication link using a power splitter for passively listening to the communication 
in order to tap on the electromagnetic field underlying the communication between the 
mobile telephone and the corresponding base station. 

Alternatively, the testing apparatus can also be coupled to the established communica- 
tion link using an antenna or an antenna element positioned in proximity of the mobile 
terminal. 



The object mentioned above is also solved by the present invention by providing a test- 
ing apparatus which comprises a switchable passive tapping or listening mode in which 
the testing apparatus samples and analyzes the data exchange between the mobile termi- 
nal and the base station. To this purpose the tapping or listening mode of the testing 
apparatus comprises a calibration ability which checks and calibrates the frequency ac- 
curacy of the reference frequency unit by a comparison of the information signals un- 
derlying the monitored data exchange with the signals from the reference frequency unit 
comprised by the testing apparatus. 

In contrast to conventional testing apparatus which comprise only an active mode of 
operation for carrying out function tests of mobile telephones and which, therefore, need 
for frequency calibration of the internal reference frequency unit a calibration using an 
expensive precision frequency device, the testing apparatus according to the present 
invention is characterized by an additional passive mode in which a frequency standard 
can be accessed which is defined by the information signals exchanged between the 
mobile terminal and a corresponding base station. 
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According to a preferred embodiment of the invention the checking and calibration is 
carried out using a graphic real time display apparatus so that no additional visual aids 
for adjustment, such as an oscillograph, are needed any longer. In this manner the fre- 
quency error of the sampled bursts can be continuously monitored and can be adjusted 
5 to a minimum for a calibration of the testing apparatus, e. g. in particular in a manual 
manner. 

Further preferred embodiments of the invention are disclosed in the dependent claims. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

□ The invention, as well as other features, objects, advantages and applications thereof, 

will be described in the following taking reference to the attached drawing. Therein, all 
described and/or illustrated features alone or in any possible combination form the sub- 
15 ject-matter of the present invention independent of their summary in the patent claims 
or the dependencies thereof In the drawings: 

Fig. 1 shows a flowchart illustrating the essential process steps of the method accord- 
ing to the present invention. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 



The method according to the present invention is schematically shown in its essential 
process steps in a flowchart which is designated with the reference numeral 10 in Fig. 1. 

25 In a first process step 1 1 of the flowchart 10 a mobile terminal, which is in the preferred 
embodiment a mobile or cellular telephone, is initialized by switching the mobile or 
cellular telephone on and booking it or registering onto the net, whereby a connection to 
the respective mobile communication net is established. The connection is realized in 
the speech channel and can be a data connection, a SMS message, a conversation and so 

30 on. In a subsequent second process step 12 an initial synchronization phase is awaited in 
which the mobile telephone synchronizes after an initial build-up time period of a few 
seconds in a highly accurate manner onto the locally assigned base station with an accu- 
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racy of better than Av/v » 10 according to the telecommunication standard, in par- 
ticular according to the ETSI standard for the GSM mobile telecommunication net 
(ETSI: European Telecommunication Standards Institute; GSM: Global System for 
Mobile Communication). Therein, the base station has a frequency accuracy which is 
better than Av/v < 10 " 9 . In a further process step 13 the testing apparatus according to 
the present invention is coupled to the communication between the mobile telephone 
and the base station using a power splitter or an antenna which is positioned in the 
proximity of the mobile telephone. In this step the testing apparatus is switched to a 
passive listening mode. In an asynchronous test mode the bursts emitted by the mobile 
in the speech channel are measured and analyzed by the testing apparatus in a subse- 
quent process step 14. The measurements of the testing apparatus show the frequency 
error of these bursts on a monitor or screen wherein this frequency error of the bursts is 
only determined by the (in)accuracy of the testing apparatus inasmuch as the accuracy 
of the emitted bursts is guaranteed by the ETSI standard and is normally in the range of 
Av/v « 5 * 1 0 " 8 or better. The frequency reference of a testing system determines the 
reception frequency of the tester by the principle of frequency synthesis. Only if the 
reception frequency of the tester is identical to the frequency of the mobile telephone 
the measured frequency error is zero. Therefore, each change of the frequency reference 
of the tester results in a different measurement value of the frequency error. If the fre- 
quency error is "zero" the frequency reference of the tester is tuned to the accuracy of 
the telecommunication net. In the subsequent process step 15 the reference quartz os- 
cillator of the testing apparatus is mechanically or electrically tuned until the displayed 
frequency error of the bursts emitted by the mobile telephone shows a minimum. In a 
final process step 16 the testing apparatus is calibrated. Then, the reference quartz os- 
cillator has an accuracy of better than 1 0 * 7 so that the accuracy taken over from the base 
station is by far sufficient. This exact frequency reference of the tester can subsequently 
also be used for another calibration of counters, analyzers and so on. 

The invention has been described using a preferred embodiment thereof. However, for a 
skilled person it is obvious that various modifications and alterations can be made with- 
out departing from the scope and spirit underlying the present invention. In particular, it 
is as essential thought of the present invention to use the inherent frequency accuracy of 
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a mobile telecommunication net in order to calibrate a testing apparatus for mobile or 
cellular telephones. Therefore, the "mobile telephone" can also be integrated or incorpo- 
rated into the testing apparatus. Of course, when carrying out the method according to 
the present invention, before the actual frequency calibration, the specifications of the 
mobile telephones necessary for an operation in the mobile communication net can be 
tested, in particular by establishing a connection between the testing apparatus and the 
mobile telephone used for calibration purposes. It is considered to be important that the 
accuracy of the transmitter frequency of the mobile telephone is "read out" with a test- 
ing apparatus which was according to the prior art only used to communicate with the 
mobile telephone. Therefore, an "indirect" (via the mobile telephone) adjustment of the 
reference frequency of the tester to the exact frequency of the base station is achieved. 



